Abstract
mixing ratios were found near the surface above ice-edge and open water, coincident with increased 1 particle concentrations. In contrast, DMS(g) mixing ratios sampled in April 2015 were as high as 100 2 pptv near 2500 m. The April campaign also exhibited uniform campaign-mean vertical profiles overall 3 although some profiles showed an increase with altitude. 4 GEOS-Chem chemical-transport model simulations indicate that Arctic seawater (north of 66°N) 5 contributes the majority of DMS(g) to the Arctic profiles (>90%) in July 2014 flight tracks which were 6 below 3000 m. More than 90% of DMS(g) in April 2015 was from Arctic seawater for measurements 7 below 500 m, but that declined to 60% for altitudes between 500 m and 3000 m. FLEXPART simulations 8 indicate that for summer 2014, the sampled air mass originated over Baffin Bay and the Canadian Arctic The study of the vertical distribution of DMS (g) in the Arctic atmosphere is also limited to a few 5 observations. Ferek et al., (1995) reported the first measurements of DMS(g) vertical profiles over the 6 Arctic Ocean near Barrow in early summer 1990 and spring 1992. They reported low DMS(g) mixing 7 ratios (a few pptv) during spring and relatively high (a few tens pptv with some peaks around 100 to 300 8 pptv) during summer. They concluded that the Arctic Ocean is the potential source of DMS(g), and DMS 9 (g) ocean-atmosphere exchange is more important early summer due to sea ice melt. percentiles respectively) and an exponential decrease with height. In contrast, over the pack-ice, DMS(g) 18 concentrations were higher above the local boundary layer than at the surface. Also, Lunden et al. (2010) 19 showed that DMS(g) can be mixed downward by turbulence into the local boundary layer and act as a 20 local near-surface DMS source over the pack-ice. In addition, they compared modeling results with 2004 ) and reported that DMS(g) was present above the local boundary layer in both the model and 23 observations. 24 For our study, atmospheric DMS(g) samples were collected in Tenax tubes during Polar 6 aircraft flights 25 in the Arctic. We compared these DMS(g) measurements to GEOS-Chem chemical transport model 26 simulations and conducted sensitivity simulations to examine the local versus long range transport (LRT) 27 DMS(g) sources for both the spring and summer. In addition, FLEXPART was applied in back trajectory Additional tests were performed to determine if there was significant loss of DMS(g) over time after 6 collection. An experiment was performed to determine how long Tenax is able to store DMS(g) with no 7 significant loss of concentration. Tenax storage tests at -25 • C showed that DMS losses were 8 approximately 5% and 15% after 10 and 20 days respectively ( Figure 3 ). The DMS(g) mixing ratios 9 summarized in Table 1 The GEOS-Chem model includes a detailed oxidant-aerosol tropospheric chemistry mechanism as and Crutzen (1990), respectively.
18
The GEOS-Chem model has been extensively applied to study the Arctic atmosphere, in regard to aerosol is an indicator of combustion and can be associated with other pollutant gas and aerosol transport. It is 12 interesting to examine the average particle concentration number as well since aerosol production under 13 clean Arctic conditions could be triggered when DMS(g) and sufficient oxidants are present. Alternately, 14 if the aerosols present were associated more strongly with CO and transport then DMS(g) may be reduced 15 due to oxidation on or within the surface of aerosols.
16
DMS(g) mixing ratios were compared with temperature, pressure, H2O(g) and CO for each campaign and 17 show no evidence of any significant relationships (Figures S1 and S2). Figure S3a shows the vertical 18 profile for average H2O(g) mixing ratios. Average H2O(g) mixing ratios in the atmosphere were higher 19 during July 2014 (> 7300 ppmv) than April 2015 (> 900 ppmv), due to higher temperature, less ice cover, 20 and therefore more exchange between ocean and atmosphere. 21 However, when concurrent measurements of H2O(g) during the flights is plotted against DMS(g), an anti-22 correlation (R 2 =0.6) is observed by considering both spring and summer campaigns together ( Figure S4 ). 23 Assuming that both DMS and H2O(g) originated from the ocean, which is much warmer than the Arctic in the source strength. 5 We conducted a sensitivity simulation to identify the latitude-dependent contribution of the oceans to the 6 simulated DMS(g) at the sampling points along the flight tracks. In Figure 6 , the "SimZeroBelow66" 7 simulation has no ocean DMS(g) for all latitudes south of 66°N. This simulation compared with the 8 standard simulation suggests that a large majority of the campaign-mean DMS(g) for both April and July 9 arises from the oceans north of 66°N. 10 As given in Table 2 , the 'SimZeroBelow66' simulates 97% or more of the DMS(g) below 500 m during 11 July coming from waters north of 66°N. The fractional contribution from north of 66 o is about 90% for 12 April and at the same altitudes; although different regions were sampled at that time. The simulations 13 attribute about 60% and 90% of the DMS(g) at altitudes from 500-3000 m to seawater north of 66°N in 14 April and July, respectively. This 30% difference indicates a greater contribution from long-range 15 transport from lower latitudes in the springtime. will likely influence aerosol concentrations via new particle formation and growth, which could impact 16 Earth's radiation budget.
17
Our measured vertical profiles of DMS(g) suggest differences between the main sources and lifetime of 18 DMS(g) during the Arctic summer and spring. For the summertime flights near Lancaster Sound, 19 Nunavut, Canada, DMS(g) mixing ratios were higher near the surface (maximum > 110 pptv) and lower 20 at higher altitudes up to 3 km. The highest mixing ratios were found above ice edges and open waters 21 suggesting that the Arctic Ocean in the vicinity of the aircraft was the main source of DMS(g). Oxidation 22 and/or limited vertical mixing could contribute to the decline of DMS(g) mixing ratios with altitude. In short, this study suggests a dominant role of the Arctic Ocean for DMS(g) in the Arctic during summer, 14 and a significant contribution from LRT to DMS(g) in spring. 8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33 The insert shows a peak in concentration at high altitude (>5000 m) for April 2016. 
